The aims of this study were to evaluate the effect of age on bronchoscopic features and bronchoalveolar lavage fluid (BALF) cellularity in dogs. Thirty healthy beagle dogs from three age groups were included: young dogs (10 months to 4.5 years of age; n = 8), middle-aged dogs (5-8 years old; n = 13) and older dogs (>8 years; n = 9). Haematology, thoracic radiography, bronchoscopy and bronchoalveolar lavage were performed; bronchoscopic findings were scored and BALF total and differential cell counts were determined. The total bronchoscopic score was higher in older dogs; these dogs had more irregular bronchial mucosa, more prominent mucosal vessels and bronchiectasis. Younger dogs had a higher percentage of neutrophils in BALF compared with middle-aged and old dogs and a higher percentage of lymphocytes in BALF compared with middle-aged dogs. The results show that age has an effect on bronchoscopic features of airways and the composition of BALF in the dog.
Introduction
Bronchoscopy is an important adjunctive procedure in evaluation of canine respiratory disease. The technique permits visual assessment of the upper and lower respiratory mucosa, evaluation of dynamic airway changes and collection of deep respiratory samples for cytology, histology and culture (McKiernan, 2003) . A good understanding of the normal structure of the bronchial tree is required if the clinician is to recognise subtle abnormalities and diseases (Kuehn and Hess, 2004) . Scoring systems based on predefined macroscopic findings are used to improve objectivity in assessment of the type and severity of bronchial lesions (Clercx et al., 2000) .
In healthy dogs, thoracic radiographic findings (Reif and Rhodes, 1966) and tracheobronchial mucociliary clearance (Whaley et al., 1987) are known to be age dependent. One study of 18 Beagle dogs of various ages reported no age-related changes in total and differential cell counts (TCC and DCC) in bronchoalveolar lavage fluid (BALF) (Mayer et al., 1990) . There are no other published data concerning age-related differences in bronchoscopic findings in this species. The aim of the present study was to determine whether there was an effect of age on bronchoscopic appearance of airways and cellularity of BALF in the dog.
Materials and methods

Animals and inclusion criteria
This cross-sectional study was approved by the Animal Ethical Committee of the University of Liège (Approval Nos. 556, 649 and 663) and included 30 healthy experimental Beagle dogs from a colony at the Liège University Veterinary Small Animal Teaching Hospital. Dogs were assigned to one of three age groups: Group I: young dogs, 10 months to 4.5 years of age (mean ± standard error of the mean, SEM, 2.1 ± 0.6 years; n = 8); Group II: middle-aged dogs, 5-8 years of age (mean ± SEM, 7.3 ± 0.1 years; n = 13); Group III: old dogs, >8 years (mean ± SEM, 12.2 ± 0.3 years; n = 9).
All animals were bred and born in our facilities. The dogs spent their entire life in the same environmental conditions (wood shaving litter), with identical feeding, vaccinations and handling procedures, and were housed in groups of two or three. Some dogs were siblings. Anthelminthic treatments were administered to all dogs every 6 months and within 3 months before the onset of the study.
All dogs were considered to be clinically normal and had no clinical signs consistent with respiratory disease or any other systemic disease during the 3 month period preceding sampling. No abnormalities were detected on physical examination, haematology, serum biochemistry, thoracic radiography and BALF analysis. A nasal swab from one dog in each group was negative for canine parainfluenza virus type 2 by PCR. No significant pathogens were detected on bacterial culture of a nasal swab from one dog in each group. No serological testing for canine respiratory viruses was undertaken.
Thoracic radiographs
Right lateral and ventrodorsal thoracic radiographs were taken before bronchoscopic examination in each dog. A scoring system was used to evaluate the bronchial, interstitial and alveolar patterns (Foster et al., 2004) . The bronchial pattern was scored as: 0, absence of changes; 1, mild (primary bronchi visible); 2, moderate (secondary bronchi visible); 3, severe (tertiary bronchi visible). The interstitial pattern was scored as: 0, no changes; 1, mild (mild interstitial framework visible); 2, moderate (interstitial framework distinguishable from a bronchial pattern); 3, severe (clearly apparent interstitial pattern). The alveolar pattern was scored as: 0, 1090-0233/$ -see front matter Ó 2009 Elsevier Ltd. All rights reserved. doi:10.1016/j.tvjl.2009.12.007 no changes; 1, mild (mild, localised alveolar pattern); 2, moderate (moderate, bilateral alveolar pattern); 3, severe (clearly apparent bilateral alveolar pattern). Radiographs were reviewed blindly and radiographic scores were assigned by one evaluator (ACH). The total score ranged from 0 to 9.
Bronchoscopy
All dogs were premedicated by intravenous administration of medetomidine (100 lg/kg; Domitor, Pfizer Animal Health). A 5-min preoxygenation period was used and oxygen saturation was controlled during the procedure. Anaesthesia was induced (1-2 mg/kg) and maintained (0.1-0.2 mg/kg) by intravenous administration of propofol (Diprivan, Astra Zeneca). During recovery, dogs received supplementary oxygen as needed and anaesthesia was reversed by intramuscular administration of atipamezole (50 lg/kg; Antisedan, Pfizer Animal Health).
Bronchoscopy was performed using a paediatric 4.8 mm diameter video-endoscope (Fujinon EB-4105, ONYS). A scoring system was used to define the gross bronchoscopic features: bronchial mucosal surface (0, smooth; 1, mild irregularity; 2, markedly irregular), bronchial mucosal colour (0, pale; 1, erythematous; 2, both white and red areas), bronchiectasis (0, no airway enlargement; 1, single dilated bronchus; 2, more than one dilated bronchus), prominence of vessels (0, no visible vessels; 1, visible vessels, blue; 2, large, distended blue vessels; 3, very large, protruding, tortuous vessels; these scores were increased by 1 if pulsation of the vessels was seen); decreased bronchial diameter during expiration (0, no decrease; 1, mild collapse; 2, moderate collapse; 3, severe collapse, i.e. bronchomalacia). Video footage was reviewed blindly and bronchoscopic scores were assigned together by two evaluators (CC and EM). The maximum total bronchoscopic score was 13.
Bronchoalveolar lavage
BAL was performed as previously described (Clercx et al., 2000) . Three aliquots of 15 mL sterile saline solution (0.9%) at 37°C were used. The first two aliquots were instilled successively, whilst the endoscope was wedged into a bronchus inside the left diaphragmatic lobe. The third aliquot was instilled into a bronchus inside the right diaphragmatic lobe. Each aliquot was instilled through a three-way stopcock into the biopsy channel by syringe, then withdrawn after 3 s by low-power pump aspiration and collected into a single sterile container. The volume of the pooled recovered fluid was measured.
Two millilitres of the retrieved fluid were placed into a tube containing ethylenediamine tetraacetic acid for determination of TCC by an automated haemocytometer (Coulter Gen.S). A second aliquot was stored at 4°C, then centrifuged within 6 h at room temperature for 4 min using a Shandon Cytospin 4 (Thermo Electron). Cytospin slides were stained by the May-Grünwald-Giemsa technique and examined microscopically. Differential cell counts were determined by counting 300 cells at high power magnification (63Â objective). Epithelial cells and isolated nuclei were not counted.
Statistical analysis
Radiographic and bronchoscopic scores and numbers and percentages of blood and BALF leucocytes were tested for normality. Differences between the three groups of dogs were assessed using either one way analysis of variance (ANOVA) or the Kruskall Wallis test. Coefficients of linear regression (r) and associated probabilities (P) were determined in order to examine the relationship between radiographic scores, bronchoscopic scores and total cell count. All values are reported as means ± SEM. A value of P < 0.05 was considered to be statistically significant.
Results
Details of experimental dogs are shown in Table 1 . Body weights and haematological variables were comparable in all groups.
Radiographic scores
There were no significant differences in total, bronchial and interstitial radiographic scores between groups (Table 1) . No dog had a score of 0 and alveolar lesions were not observed.
Bronchoscopic scores
Total bronchoscopic score was significantly higher in older dogs than middle-aged dogs and younger dogs (P < 0.001) (Fig. 1) . In older dogs, the bronchial mucosa was significantly more irregular, there were more prominent vessels and bronchiectasis was observed (Fig. 2) .
Bronchoalveolar lavage fluid analysis
Mean recovery rate of instilled fluid was 65 ± 9%. Mean TCC in BALF (cells/lL) was similar in the three groups. Younger dogs had higher percentages of neutrophils than middle-aged and older dogs and higher percentages of lymphocytes compared with middle-aged dogs (Table 1) . 
Correlation between BALF, radiographic and bronchoscopic scores
There were no significant correlations between TCC and total radiographic or bronchial scores.
Discussion
The aim of this study was to determine whether there were significant age-related changes in bronchoscopic findings and BALF in the lower respiratory tract of the dog. The finding of such changes would have implications for the interpretation of data from studies of spontaneous canine respiratory disease or from experimental studies of induced respiratory disease in canine models.
Health status was based on physical examination, haematology, serum biochemistry, thoracic radiography and BALF analysis. Limited testing for viral or bacterial pathogens was undertaken and no serological testing for canine respiratory viruses was performed.
There were no significant differences in the total and differential blood cell counts in young and old dogs in this study. Dogs <1 year of age may have a relative lymphocytosis (Dunn, 2000; Toman et al., 2002; Comazzi et al., 2004) , but the mean age of the young dogs in the present study was 2.1 years.
The total radiographic scores in the three age groups were not significantly different. This was surprising, since age-related differences have been reported in dogs, e.g. pleural thickening, increased interstitial and bronchial patterns, bronchial calcification and, rarely, hyperlucency in some parenchymal areas (Reif and Rhodes, 1966) . These changes are correlated with histopathological alterations with age, including pleural and interstitial fibrosis, calcification of bronchial cartilage, focal emphysema and heterotopic bone formation (Reif and Rhodes, 1966) .
The use of radiographic scoring systems is considered to be of questionable value, since the process of assigning scores is highly subjective (i.e. evaluator-dependent), healthy animals never have a zero radiographic score and a progressive increase in score can occur over time in healthy subjects (Mantis et al., 1998) . These observations suggest that radiography is not the most accurate means of making a specific diagnosis of the nature of respiratory disease.
Total bronchoscopic scores were significantly higher in older dogs than in middle-aged and younger dogs. Three major differences were identified in older dogs: the presence of an irregular bronchial mucosa; the presence of bronchiectasis and visualisation of large vessels. We hypothesised that irregularity of the bronchial mucosa may be related to the presence of subclinical chronic inflammatory changes. In a preliminary attempt to test this hypothesis, mucosal perendoscopic biopsies were obtained from a separate group of older dogs; however no inflammation was noted in these samples (data not shown).
It was hypothesised that the observed bronchiectasis in older dogs may be due to bronchial wall remodelling and loss of mucosal elasticity. Few previous studies have considered age-related changes in the components of the bronchial wall of the dog. Wheeldon and Pirie, (1974) applied a point counting method described in humans to quantify such components. In our study, no significant differences in the proportion of bronchial wall occupied by mucous glands or smooth muscle were found between young and old dogs (data not shown). Reif and Rhodes (1966) studied morphological and histopathological alterations in the lung of old dogs and found foci of interstitial fibrosis, emphysema, pleural fibrosis and bronchial cartilage calcification.
The presence of large, protruding and pulsating vessels was also a distinctive finding on bronchoscopic evaluation of older dogs in the present study. We hypothesise that this change might be related to bronchial wall alterations, such as thinning of the mucosa and/or vascular remodelling. Future investigations using high-resolution computed tomography, together with the use of threedimensional reconstruction techniques and contrast enhancement, might enable a more definitive assessment of airway mucosal and vascular changes, as described in humans (Hansell and Kerr, 1991; Corcoran et al., 1992; Schwickert et al., 1994; Song et al., 1998) .
In the present study, younger dogs had a higher percentage of neutrophils in BALF compared with middle-aged and old dogs and a higher percentage of lymphocytes in BALF compared with middle-aged dogs. Children have higher percentages of lymphocytes in BALF than adult humans, which may reflect infection with respiratory viruses (Ratjen et al., 1994) . Acute respiratory viral infections also occur with high frequency in young dogs, especially those that are unvaccinated (Buonavoglia and Martella, 2007) . The dogs in the present study were all vaccinated and were free of clinical respiratory tract disease in the 3 month period preceding the study.
There was no statistically significant correlation between BALF TCC and the total radiographic and bronchial scores in the dogs in this study. Kirschvink et al. (2007) demonstrated an association between radiographic and bronchoscopic changes and an increased TCC in BALF in cats, while there were relatively poor correlations among radiography, bronchoscopy and BALF in other studies in dogs and cats (Norris et al., 2001 (Norris et al., , 2002 ). However, the major limitation of the present study is the small size of each group, which could partly explain the lack of significant differences.
Conclusions
Older dogs have a more irregular bronchial mucosa than younger dogs, with prominent vessels on bronchoscopic examination. In contrast, younger dogs have significantly more neutrophils within BALF than middle-aged and old dogs and more lymphocytes than middle-aged dogs. Age-related differences should be considered when interpreting bronchoscopic findings and BALF analysis in dogs with respiratory disease.
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